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1. Introduction 
The location of the binding site for retina/in 
bacteriorhodopsin and the orientation of the retinal 
chromophore with respect to the membrane compo- 
nents are still not known. CD can, in principle, give 
information on intermolecular rangement and site- 
symmetry. The CD-spectrum of bacteriorhodopsin in 
the visible spectral region is composed of negative 
and positive components ofunequal strength [ 1 ]. 
This asymmetry in the CD-spectrum of purple 
membrane suspensions in water has been attributed 
[1 ] to a superposition of a symmetric pair of negative 
and positive bands arising from exciton-interaction 
between eighbouring chromophores in a regular 
array, and another, positive band that is due to the 
interaction between each single chromophore and 
the protein site to which it is bound. 
In the analysis of the CD-spectra of suspensions of
large particles distorting effects due to light-scattering, 
on band shape, as well as intensity, should be taken 
into consideration [2-4]. It is shown in this work 
both experimentally and theoretically that the 
asymmetry in the CD-spectrum of the purple mem- 
brane in water suspensions can be attributed to such 
scattering distortions. 
2. Materials and methods 
Halobacterium halobium M-1 was grown as 
described by Danon and Stoeckenius [5]. The following 
procedure was used in order to obtain the purple 
membrane patches. The ceils were concentrated and 
resuspended in basal salt to which DNAase and RNAase 
were added (each 50/ag/ml cell-suspension). The 
suspension was dialyzed against water overnight and 
subsequently centrifuged at 30 000 rev./min for 30 
min. The purple pellet was resuspended in water and 
the washing procedure was repeated several times. 
Fractionation of the membrane fragments was 
performed on linear sucrose-gradients (25-50% 
sucrose with 60% solution at the bottom of the tubes). 
The centrifugation was run for 20 h at 25 000 rev./ 
rnin using a Beckman SW 27 rotor. The purple band 
was collected, dialyzed against water and washed by 
repeated centrifugations. 
Sub-bacterial vesicles ofH. halobium M-1 were 
prepared by sonication according to MacDonald and 
Lanyi [6] with minor modifications and tested for 
integrity [7]. The Branson Model B-12 Sonifier 
(80 W at 4°C for several min) was used for sonication 
of the purple membrane patches. 
The CD- and ORD-spectra of light adapted 
suspensions ofpurple membrane and sub-bacterial 
vesicles were measured on the Cary 60 spectropolari- 
meter with 6002 CD-attachment. Refractive indices 
were measured on the Abbe-3L Refractometer 
(Bausch and Lomb). 
3. Results and discussion 
The CD~spectra of light adapted suspensions of
purple membrane in water, basal salt, sucrose/water 
and glycerol/water solutions were measured in the 
275-650 nm region. Two of these spectra, in the 
visible range only, are compared in rigA. The CD- 
spectrum iscomposed of two bands of opposite signs. 
It is observed that the ratio of the ellipticity of the 
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Fig. 1. CD-Spectra of light adapted suspensions ofpurple membrane patches. (4) In water, (o) in 60% v/v glycerol/water, (o) in 
water after 3 min sonication. Molar ellipticities are based on specttophotometrically determined chromophore concentrations. 
The extinction at 567 nm was taken as 63 000 M -~ cm -~ [ 11]. Scattering background was subtracted from the absorption 
spectra. 
negative band to that of the positive band is consider- 
ably different in the two suspension media. The 
asymmetry is quite pronounced in water, the positive 
band at shorter wavelength being much more intense 
than the negative one. In 60% v/v glycerol/water the 
spectrum is apparently symmetric. The cross-over of 
the CD also shifts in the different media. It lies at 
576 nm in water and at 569 nm in 60% glycerol/ 
water. It should be noted that the wavelength of the 
absorption maximum is independent of the solvent. 
In table 1 the ratio of the maximum Ae-values of 
the negative and positive bands are compared for the 
different suspension media and correlated with the 
refractive index. The ratios of the integrated values 
of  Ae (X)/X of the negative to positive bands are also 
compared (designated in the table as Rneg and Rpos). 
It can be concluded that the smaller the refractive 
index of the media, compared to the refractive index 
of the membrane particles, the more asymmetric the 
C'D-spectrum becomes. The refractive index of the 
membrane is estimated to be/> 1.5. It can also be 
visually observed that the turbidity of the suspensions 
decreases as the refractive index of the medium is 
increased by addition of either sucrose or glycerol. 
The turbidity is also a function of  particle size and 
decreases upon sonication of the membrane suspension. 
As can be seen in fig.l, there is tess asymmetry in the 
CD of sonicated membrane suspensions. Thus, there 
Table 1 
Correlation of the magnitude of the asymmetry of the visible CD with the 
refractive index of the suspension medium 
Medium (Ae)neg/(ZXe)po s Rneg/Rpo s n 
(k = 589.3 nm) 
Water 0.54 0.27 1.332 
Basal salt 0.80 0.43 1.372 
Sucrose/water 50% w/w 0.93 0.59 1.417 
Glycerol/water 60% v/v 1.03 0.73 1.422 
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is a direct correlation between light-scattering of the 
suspensions and the asymmetry of their CD-spectra. 
Scattering distorts the CD-spectrum of turbid 
suspensions of particles having optically active entities 
by virtue of two effects. One is the result of different 
amounts of scatter of left and right circular polariza- 
tions, due to different refractive indices for these 
polarization states. The other is the absorption 
flattening effect [8]. Due to the flattening effect he 
transmittance of the suspension will increase and the 
absorbance and CD will decrease accordingly. The 
scattering and absorption contributions add to the 
normal intrinsic optical activity. Schneider [9] has 
outlined amethod in which the actual CD of the 
scattering suspension can be calculated from the 
intrinsic optical activity of the suspended particles, 
knowing the dispersion of the real and imaginary 
parts of the particle refractive index. The explicit 
functional dependence of the suspension CD on the 
particle parameters, such as refractive indices, particle 
size, etc. are determined by the scattering function 
suitable for the particle. In this procedure a best fit 
is sought between the experimental CD and that 
calculated for the scattering suspension, by varying 
the input CD. The input CD giving the best fit is taken 
to be the corrected intrinsic CD-spectrum of the 
membrane particles, free of turbidity effects. This 
method has been applied recently to obtain corrected 
spectra for the membranes of chromaffin granules 
[3] and red blood cells [4]. 
We have undertaken tocalculate the CD of the 
scattering suspension of sub-bacterial vesicles of 
1t.. halobium in order to verify theoretically if the 
asymmetry in the visible CD-spectrum can be attri- 
buted to scattering effects. The sub-bacterial vesicles 
were chosen in order to be able to apply a coated 
sphere model [3]. It may be noted that sub-bacterial 
vesicle suspensions appear much more turbid than 
equivalent purple membrane suspensions, This is due 
to light-scattering from proteins, other than bacterio- 
rhodopsin, that are also present in the membrane. 
However, these proteins do not adsorb, nor have 
optical activity in the visible spectral region and, 
therefore their scattering does not introduce additional 
distortions. As trial input of (intrinsic) CD and ORD 
we used the spectra of purple membrane patches 
suspended in 60% v/v glycerol water in which scattering 
is reduced to a minimum. The real and imaginary 
parts of the particle refractive index were estimated 
as described in previous work [3]. The resulting best 
fit calculated CD-spectrum iscompared in fig.2 to the 
experimental spectrum of the sub-bacterial vesicles. 
The calculated and experimental spectra coincide 
practically over the whole spectral range, except for 
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Fig.2. Comparison of the visible CD-spectrum of sub-bacterial vesicles to that calculated for scattering spherical particles of the 
following characteristics. Particle iadius 0.25/am, membrane thickness 4 nm, membrane r al refractive index at selected wave- 
lengths: n48 o 1.498, nss o 1.522, ns~ o 1.547, n~o 1.546, n~4 o 1.518. (A) Experimental spectrum of sub-bacterial vesicles, (D) 
calculated spectrum of spherical particles, (o) input spectrum. 
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the 440-480 nm region, where a slight discrepancy is
apparent. Also shown in fig.2 is the input CD-spectrum 
which is almost symmetric. 
In view of the results obtained in this work we tend 
to attribute the asymmetry in the CD-spectrum of 
the purple membrane suspension i water to distor- 
tions arising from a light-scattering effect. As briefly 
mentioned before, this asymmetry has interpreted 
[ 1 ] as a superposition of a broad, positive, symmetric 
band centered at the absorption maximum (567 nm) 
and a band system consisting of oppositely signed 
lobes with equal amplitudes, ymmetric with respect 
to the absorption maximum. In the light of our 
results any contribution of the former kind is very 
small, at the most, in the intact purple membrane, 
when it comprises its full complement of retinal 
moieties. A single positive band-appears only during 
the early reconstitution steps of the retinal-depleted 
purple membrane [ 121 and may thus be attributed to 
the interactions within the monomeric pigment. 
The CD can thus be interpreted as being essentially 
due to exciton-interaction between the chromophores 
in the hexagonal array of protein trimers [lo] , which 
constitutes the bulk of the purple membrane. It there- 
fore appears reasonable that this spatial symmetry is 
retained also by the retinal moieties of the light- 
absorbing centers. 
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